
l|||||||||||||ll||l||||||||l||||||||||||||||||||||||||||||||l||||||||||||l|||||||||||||||| 
US 20040004869A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2004/0004869 A1 

Shimamura (43) Pub. Date: Jan. 8, 2004 

(54) SEMICONDUCTOR DEVICE Publication Classi?cation 

(75) Inventor: Akimitsu Shimamura, Kyotanabe-shi (51) Int. Cl.7 . .... .. G11C 7/00 
(JP) (52) US. Cl. ............................................................ ..365/200 

Correspondence Address: 
PARKHURST & WENDEL, L.L.P. 
1421 PRINCE STREET 
SUITE 210 
ALEXANDRIA, VA 22314-2805 (US) 

(57) ABSTRACT 

An object of the present invention is to provide a semicon 
ductor device that can prevent performance degradation due 

(73) Assignee; M ATSUSHITA ELEC_ [ND C()_ LTD” to Wasted execution cycles. According to the present inven 
Kadoma_shi (JP) tion, a fetch is performed in an information fetch block (IFB 

2) on the basis of the status of a branch-taken signal 
(21) Appl- N05 10/602,640 (BRTKN 9) provided from an execution block (EXB 4), 

_ Wherein if a conditional branch is taken, the IFB 2 selects a 
(22) Flled' Jun' 25’ 2003 branch target address and if not, the IFB 2 selects an address 

(30) Foreign Application Priority Data of the neXt instruction. The IFB 2 then provides the selected 
address to an instruction memory (1) to control the fetch in 

Jun. 25, 2002 (JP) .................................... .. 2002-183754 accordance With the address. 
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SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device that controls handling and execution of conditional 
branches according to instructions in memory for data 
processing. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductors, Which have been Widely used for 
data processing for performing various processes according 
to instruction programs stored in a memory, controls execu 
tion of conditional branches in such a manner that When a 
conditional branch that branches to an address depending on 
Whether or not the branch is taken is performed, an instruc 
tion fetch is performed for the predicted conditional branch 
and, if the branch is taken and the predicted and performed 
instruction fetch is right, the operation is continued, or if it 
is Wrong, the operation is aborted and the instruction is 
re-executed. 

[0003] One such prior-art semiconductor device Will be 
described With reference to FIGS. 13 and 14. 

[0004] FIG. 13 is a block diagram shoWing a con?gura 
tion of a semiconductor device according to a prior art. As 
shoWn in FIG. 13, the prior-art semiconductor device con 
sists of an instruction memory 1 storing as data an instruc 
tion program consisting of instruction codes, an instruction 
fetch block (hereinafter abbreviated to IFB) 2 for fetching 
instruction program data 6 from the instruction memory 1, 
a decode block (hereinafter abbreviated to DECB) 3 for 
decoding an instruction code 7 constituting the instruction 
program, and an execution block (hereinafter abbreviated to 
EXB) 4 for executing an instruction according to a control 
signal 8 associated With a decoded instruction. 

[0005] In this con?guration, an address 5 is inputted from 
the IFB 2 into the instruction memory 1, the data 6 is 
outputted from the instruction memory 1 to the IFB 2, the 
instruction code 7 is outputted from the IFB 2 to the DECB 
3, the control signal 8 is outputted from the DECB 3 to the 
EXB 4, and a conditional-branch-taken signal (hereinafter 
abbreviated to BRTKN) 9 is inputted from the EXB 4 to the 
IFB 2 and the DECB 3. A system clock signal CLK is 
inputted into each block and pipeline processing is per 
formed in accordance With the timing of the same CLK. 

[0006] An operation for handling and executing a condi 
tional branch instruction performed in the prior-art semi 
conductor device con?gured as describe above Will be 
described beloW. 

[0007] FIG. 14 is a timing diagram of executing a con 
ditional branch instruction in the prior-art semiconductor 
device. In the period a in FIG. 14, a subtraction SUB D2, D1 
is fetched in IFB 2. 

[0008] In the period b, a conditional branch instruction 
BEQ disp8 is fetched in the IFB 2 and the SUB D2, D1 is 
decoded in the DECB 3. The conditional branch instruction 
BEQ disp8 causes a branch if a Zero ?ag is set to 1 by the 
previous ?ag changing instruction. That is, the instruction 
causes the branch When the result of an operation is Zero and 
otherWise causes the next instruction to be executed Without 
causing a branch. 
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[0009] In the period c, the next, normal instruction AND 
D0, D1 is fetched in the IFB 2, the BEQ disp8 is decoded in 
the DECB 3, and the SUB D2, D1 is executed in the EXB 
4. If the result of the operation is Zero (the Zero ?ag is set to 
1), a conditional-branch-taken signal BRTKN 9 is generated 
in the period c (the HI level). 

[0010] In the period d, the branch target instruction MOV 
D2, A0 is fetched in the IFB 2 in accordance With the 
BRTKN 9. Although the AND D0, D1, Which has been 
fetched based on the prediction that the branch Would not be 
taken, is decoded in the DECB 3, the BEQ disp8 is executed 
in the EXB 4. That is, the decoding of the MOV D2, A0 in 
the DECB 3 is cancelled in accordance With the BRTKN 9. 

[0011] In the period e, the branch target instruction MOV 
D2, A0 is decoded in the DECB 3 and no operation is 
performed in the EXB 4 because the decoding of the AND 
D0, D1 has been canceled. 

[0012] In the period f, the branch target instruction MOV 
D2, A0 is executed. 

[0013] In such a prior-art semiconductor device described 
above has the problem that if a predicted instruction fetch is 
performed but the prediction is Wrong, that is, if the condi 
tional branch is taken, the execution of the instruction 
fetched is cancelled and therefore the execution cycle is 
Wasted by the execution of the mispredicted instruction 
fetch, leading to performance degradation. 

DISCLOSURE OF THE INVENTION 

[0014] The present invention has been made to solve the 
problem and the object of the present invention is to provide 
a semiconductor device that can prevent performance deg 
radation due to the occurrence of Wasted execution cycle 
that is inherent in the prior art. 

[0015] According to the ?rst aspect of the present inven 
tion, there is provided a semiconductor device comprising: 
an instruction memory storing an instruction program con 
sisting of instruction codes, the instruction program being 
stored as data associated With an address; an instruction 
fetch block for fetching the instruction program data; a 
decode block for decoding the instruction codes; and an 
execution block for executing a decoded instruction accord 
ing to a control signal associated With the decoded instruc 
tion; Wherein the address is provided from the instruction 
fetch block to the instruction memory, the instruction pro 
gram data at the address is inputted from the instruction 
memory to the instruction fetch block, the instruction code 
associated With the instruction program data is inputted from 
the instruction fetch block to the decode block, the control 
signal associated With the instruction decoded from the 
instruction code is inputted from the decode block into the 
execution block, a conditional-branch-taken signal indicat 
ing a status of a conditional branch is outputted from the 
execution block, the status depending on a result of the 
execution of the instruction according to the control signal, 
and the execution of the conditional branch is controlled 
according to the instruction program in the instruction 
memory, the execution depending on the conditional 
branch-taken signal; and the semiconductor device compris 
ing a controller for selecting one of a branch target address 
to be used if the conditional branch is taken and an address 
to be used if the conditional branch is not taken on the basis 
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of a state of the conditional-branch-taken signal and pro 
viding the address to the instruction memory during a fetch 
performed by the instruction fetch block. 

[0016] According to this con?guration, the address selec 
tion based on the state of the branch-taken signal is made to 
perform a fetch for a conditional branch instruction only 
When that conditional branch instruction is executed. If the 
conditional branch is taken, the branch target address is 
selected. OtherWise, the address of the next instruction is 
selected. Then the fetch is performed from the selected 
address. Thus, in contrast to the prior art, cancellation of 
operations performed on the basis of predictions can be 
avoided and therefore occurrence of Wasted execute cycles 
can be avoided. 

[0017] The semiconductor device according to the second 
aspect of the invention is the semiconductor device accord 
ing to the ?rst aspect of the invention, Wherein the branch 
target address is generated from displacement information 
included in the instruction program data. 

[0018] According to this con?guration, the address selec 
tion based on the state of the branch-taken signal is made to 
perform a fetch for a conditional branch instruction only 
When that conditional branch instruction is executed. If the 
conditional branch is taken, the branch target address is 
selected. OtherWise, the address of the next instruction is 
selected. Then the fetch is performed from the selected 
address. Thus, in contrast to the prior art, cancellation of 
operations performed on the basis of predictions can be 
avoided and therefore occurrence of Wasted execute cycles 
can be avoided. 

[0019] The semiconductor device according to the third 
aspect of the invention is the semiconductor device accord 
ing to the second aspect, further comprising a determiner for 
determining a conditional branch instruction on the basis of 
the instruction code provided from the instruction fetch 
block, Wherein the execution of the conditional branch 
instruction is detected on the basis of a result of the 
determination, and only When the conditional branch 
instruction is executed, the address selection based on the 
conditional-branch-taken signal is made. 

[0020] According to this con?guration, the address selec 
tion based on the state of the branch-taken signal is made to 
perform a fetch for a conditional branch instruction only 
When that conditional branch instruction is executed. If the 
conditional branch is taken, the branch target address is 
selected. OtherWise, the address of the next instruction is 
selected. Then the fetch is performed from the selected 
address. Thus, in contrast to the prior art, cancellation of 
operations performed on the basis of predictions can be 
avoided and therefore occurrence of Wasted execute cycles 
can be avoided. 

[0021] The semiconductor device according to the fourth 
aspect of the invention is the semiconductor device accord 
ing to the second aspect of the invention, Wherein the 
instruction memory consists of memory cells arranged in 
tWo-dimensional arrays for tWo-dimensionally addressing 
the addresses in the instruction memory, and the conditional 
branch-taken signal is provided as an address selection 
signal to the output of one of tWo address decoders, each of 
Which being associated With each of the tWo-dimensional 
arrays, the one of the tWo address decoder being determined 
after the other. 
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[0022] According to this con?guration, the address selec 
tion based on the state of the branch-taken signal is made to 
perform a fetch for a conditional branch instruction only 
When that conditional branch instruction is executed. If the 
conditional branch is taken, the branch target address is 
selected. OtherWise, the address of the next instruction is 
selected. Then the fetch is performed from the selected 
address. Thus, in contrast to the prior art, cancellation of 
operations performed on the basis of predictions can be 
avoided and therefore occurrence of Wasted execute cycles 
can be avoided. 

[0023] The semiconductor device according to the ?fth 
aspect of the invention is the semiconductor device accord 
ing to the second aspect of the invention, Wherein the 
instruction memory consists of memory cells arranged in 
tWo-dimensional arrays for tWo-dimensionally addressing 
the addresses in the instruction memory, and the conditional 
branch-taken signal is provided as an address selection 
signal to the input of one of the tWo address decoders, each 
of Which being associated With each of the tWo-dimensional 
arrays, the one of the tWo-address decoder being determined 
after the other. 

[0024] According to this con?guration, the address selec 
tion based on the state of the branch-taken signal is made to 
perform a fetch for a conditional branch instruction only 
When that conditional branch instruction is executed. If the 
conditional branch is taken, the branch target address is 
selected. OtherWise, the address of the next instruction is 
selected. Then the fetch is performed from the selected 
address. Thus, in contrast to the prior art, cancellation of 
operations performed on the basis of predictions can be 
avoided and therefore occurrence of Wasted execute cycles 
can be avoided. 

[0025] The semiconductor device according to the sixth 
aspect of the invention is the semiconductor device accord 
ing to the third aspect, Wherein the instruction memory 
consists of memory cells arranged in tWo-dimensional arrays 
for tWo-dimensionally addressing the addresses in the 
instruction memory, and the conditional-branch-taken signal 
is provided as an address selection signal to the output of one 
of the tWo address decoders, each of Which being associated 
With each of the tWo-dimensional arrays, the one of the 
tWo-address decoders being determined after the other. 

[0026] According to this con?guration, the address selec 
tion based on the state of the branch-taken signal is made to 
perform a fetch for a conditional branch instruction only 
When that conditional branch instruction is executed. If the 
conditional branch is taken, the branch target address is 
selected. OtherWise, the address of the next instruction is 
selected. Then the fetch is performed from the selected 
address. Thus, in contrast to the prior art, cancellation of 
operations performed on the basis of predictions can be 
avoided and therefore occurrence of Wasted execute cycles 
can be avoided. 

[0027] The semiconductor device according to the seventh 
aspect of the invention is the semiconductor device accord 
ing to the third aspect, Wherein the instruction memory 
consists of memory cells arranged in tWo-dimensional arrays 
for tWo-dimensionally addressing the addresses in the 
instruction memory, and the conditional-branch-taken signal 
is provided as an address selection signal to the input of one 
of the tWo address decoders, each of Which being associated 














